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The exogenous application of plant derived smoke solution through seed pre treatment is 
consider to create tolerance in the plant against salinity, for this purpose different dilution of 
plant derived smoke solution as 1:5000 Buhania, 1:1000 Buhania, 1:1000 Cymbopogon, 1:500 
Cymbopogon were used against 0 mM, 50, 100 and 150mM NaCl solution in the medium. The 
effect was  observed  on total  proline accumulation,  heavy metals uptake,  photosynthetic 
pigments and protein poly peptide bands intensity in two rice varieties as Basmati 385 (B-385) 
and Shaheen Basmati (S.  Basmati). Proline concentration increases while  chlorophyll “a” 
chlorophyll “b” and  carotene level decreases with increasing salinity. On other hand  zinc 
concentration increases while cadmium and lead concentration decrease in the crop under 
saline conditions. Intensity of protein polypeptides bands decreases gradually with increasing 
salinity level but plants from the seeds soaked with smoke solution alleviated the drastic affect 
of salinity, and intensity of bands was quite good by comparing with non primed seeds. It was 
concluded that seed priming with plant derived smoke solution show beneficial effect on crop 
to protect them from salinity. 
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Soil   salinity   is  the  burning   issue   for  crop 
production around the globe,  including Pakistan. 
More than half of the world depends upon on rice 
as a food. The amount of rice used in Asia is 
approximately 30-80% (Narciso and Hossain, 2002). 
Rice is the main food crop of Pakistan (Zia et al., 
1998) and is consider as a salt sensitive crop (Mass 
and Hoffman, 1977). Reduction in rice yield is about 
68% in salinity affected soil (Qayyum and Malik, 
1988). Harmful effect of salinity on physiological, 
biochemical and molecular aspects of different crop 
was extensively  investigated  in Pakistan (Jamil  et 
al., 2012a; Khan et al., 1995). Salinity affects every 
aspect of plant physiology and bio chemistry by 
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reducing   photosynthetic   pigments   (Jenifer   and 
Franklin   2002)   interfering   with   minerals   uptake 
(Knight et al., 1992; Noraho and Gaur, 1995) proline 
accumulation (Shamseddin-Saeid and Farahbakhsh, 
2003) and even on protein synthesis (Jamil et al., 
2012). Different ways are used to overcome the 
drastic affect of salinity and Salinisation in which 
seed priming is the most economical and easy 
approach recently used (Iqbal and Ashraf,  2007). 
Priming with  smoke  solution is the cheep and 
economical   way   to   stimulate   the   plant   in   the 
ecosystem to germinate (Brown and Botha, 2004). 
Plant   derived   smoke   solution   not   only   affect 
germination but also has value  able  affects  on 
flowering and somatic embryogenesis (Kaley, 1993; 
Senaratna et al., 1999). A part from that so many 
studies   on   salinity   and   different   priming   agent 
which alleviate the adverse affect of  salt stress; 
affect of smoke solution priming is a novel work 
and its affect on biochemical and molecular aspect 
on rice is limited. Therefore, this research work is 
initiated to used smoke solution as a priming agent 
to alleviate the salt stress and to analyzed their 
effect on various bio chemical attributes of the 
plants such  as  proline  accumulation, uptake  of 
different minerals, photosynthetic pigments and 
also   on   protein   banding   patterns   under   saline 
condition.
MATERIALS AND METHODS
Plant Materials
Seeds   of   two   rice   (Oryza   Sativa)   varieties, 
Basmati-385 and Shaheen Basmati were procured 
from National Agriculture Research Center (NARC) 
Islamabad, Pakistan. 
Preparation of Samples
Hypochlorite solution 3.5% was used for surface 
sterilization of the seeds. The sterilized seeds were 
soaked   in   priming   solution   of  Cymbopogon 
jwarancusa  and  Buhania  varegata  (produces by 
burning of 333 grams of plants material and smoke 
were bubbled through one liter of distilled water) 
for 24 hours. Seeds were then germinated in Petri 
plates   at   control   temperature   for   ten   days. 
Seedlings were then grown in Hoagland’s solution 
for two weeks (Hoagland, s and Arnon 1950). The 
seedling was irrigated with renewed solution after 
each week. Salt treatment in this solution was 
started after two weeks of the experiment. The 
NaCl treatment used was 0 controls, 50, 100 and 
150 mM.  After harvesting, plant materials were 
divided in to two parts, half harvested part in liquid 
nitrogen for  proline  and SDS-PAGE analysis  while 
other half was oven dried at 80
oC.
Proline analysis
Proline was quantified as by Bates et al. (1973) 
with a slight modification. Fresh plant material (100 
mg) was crush in liquid nitrogen and complete 
homogenized in 5 ml of 3% salfosalicylic acid and 
the residue was removed by centrifugation at 4000 
rpm for 30 minutes. The homogenized tissue (~1 
ml) react with I ml acid ninhydrin ( 1.25 g ninhydrin 
warmed in 30 ml of glacial acetic acid along with 20 
ml of 6 M phosphoric acid with continue stirring at 
room temperature) for 1 hour at 100
0C at oven. The 
reaction mixture was vigorously mixed with 2 ml of 
toluene and placed at room temperature for 30 
minutes until separation of two phases. The upper 
aqueous color phase containing toluene was place 
in room temperature (25
0C) for 20 minutes and 
optical   density   was   measured 
spectrophotometrically at 520 nm using toluene as 
a   blank.   D-Proline   standard   cure   is   used   for 
concentration of Proline on a fresh weight basis, 
using formula (μmol Proline /g fw −1).
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Photosynthetic pigment Analysis
Lichtenthaler and Wellburn (1985) method was 
used   for   the   determination   of   chlorophyll   and 
carotenoids contents. Dry plant sample (25 mg) 
along with 25 mg of MgO was taken in a test tube 
to   neutralize   the   plant   acid   and   prevent   the 
formation of pheophytin. Add 5 ml of methanol and 
homogenized on shaker for 2 hrs. Transfer the 
turbid pigment extract to 5 ml graduated centrifuge 
tube. Centrifuge for 5 min at 4000 x g in an 
explosion-proof   tabletop   centrifuge   at   25
0C. 
Transfer the supernatant into a cuvette and take an 
absorbance reading at three wavelengths as 666 
nm, 653 nm and 470 nm, taking methanol as blank 
in a (UV-VIS) spectrophotometer. The chlorophyll 
“a”,   chlorophyll   “b”   and   total   carotenes   was 
calculated by the formula
Ca = 15.65 A666 – 7.340 A653
nCb = 27.05 A653 – 11.21 A666
Cx+c = 1000 A470 – 2.860 Ca – 129.2 Cb/ 245
SDS-PAGE Protein Analysis 
Sodium dodecyl sulfate (SDS) Polyacrylamide gel 
electrophoresis   (PAGE)   was   used   for   protein 
analysis of control, salt treated and smoke primed 
plants as described by (Laemmle, 1970) with slight 
modifications.   Leaves   were   crushed   in   liquid 
nitrogen to fine powder and 12 mg was weighed in 
1.5 ml micro tube. Protein extraction buffer (Tris-
HCL 0.5 M (pH 8), 2.5% SDS, 10% Glycerol, 5% 2- 
merceaptoethanol)  of about  400ul was added to 
each micro tube. Kept it overnight at 40 
oC and then 
centrifuge at 13000 rpm for 10 minutes at room 
temperature. The supernatant was removed and 
store   at   4  
oC   containing   extracted   protein. 
Electrophoresis was done  at  80 V for 2 and half 
hours by using Standard Twin Mini Gel Unit (USA). 
Coomassie   Brilliant   Blue   R-250   (Sigma)   for   40 
minutes was used for staining, and distained with 
20% methanol, and 5% acetic acid. The molecular 
weight   of   protein   subunits   was   measured   by 
comparing sample bands to the standard protein 
molecular   weight   marker   bands   (Benchmark 
Protein   Ladder   10   –   220   KDa)   in   the 
electrophorogram.
Micro elements analysis of plant Samples
Plant material  (100 mg)  was wet digested by 
acid   mixture   of   nitric   acid   and   sulfuric   acid 
according to Garraud et al. (1996). The filtrate was 
suitably diluted with De ionized water to a constant 
volume for all samples. The diluted samples were 
used for Atomic absorption spectroscopy (Perkin 
ELMER, A Analyst 400) with  air acetylene flame 
using hollow cathode lamps against the standard 
(Hanlon, 1992)
Statistical analysis
Analysis of variance was performed by using MS-
Excel (statistics 9.1version) Statistical software. Each 
Petri plate was considered as a replicate and mean 
value was compared with Standard deviation.
RESULTS
Effect of Salt Stress and Smoke Priming On Proline 
Accumulation
Results of our study shows that under salt stress 
condition accumulation of proline was significantly 
increased as compared to control. As in control, 
proline amount was 0.405 mg/g which increased to 
0.783mg/g at 150 mM salt concentration in Basmati 
– 385, while these values  were  0.494 mg/g  at 
control  and  0.926   mg/g  at  150   mM   salt 
concentration in Shaheen Basmati (Fig. 1A and 1B). 
On other hand all smoke dilutions  reduced  the 
amount of proline as 1:500 Cymbopogon +150 mM 
salt solution had 0.596 mg/g of proline compared to 
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non primed seeds  (0.783 mg/g) in Basmati-385 (Fig. 
1A) while in Shaheen Basmati,  these values  was 
0.535 mg/g in 1:500 cymbopogan+150 mM salt 
solution and in non primed seeds, the value  was 
0.926 mg/g at 150 mM salt stress solution (Fig. 1B).
Effect   of   Salt   Stress   and   Smoke   Priming  on 
Photosynthetic Pigments
Chlorophyll  and carotene  contents  decreased 
with increasing salt concentration in the medium. 
As in control with 0 mM salt, the chlorophyll a, b 
and carotene values were 8.42, 8.67, and 421.32 
mg/g respectively,  which  reduced to 6.82, 5.87, 
252.30 mg/g at 150 mM salt stress in Basmati-385 
(Fig. 2).    Similar pattern of result was seen in 
Shaheen Basmati as shown in  Figure 3. On other 
hand smoke primed seedlings shows good response 
to salinity and alleviates the stress affect to a great 
extent  (Figs. 2 and 3).  As in 1:5000 Buhania+150 
mM salt solution,  the amount of chlorophyll “a” 
was noted 7.06 mg/g,  which was high from 6.85 
mg/g in plant treated with 150 mM salt solution. 
Similar  pattern  of  results  was shown  by  other 
smoke dilutions in chlorophyll b and carotene in 
both varieties (Figs. 2 and 3).
Effect of Salt Stress and Smoke priming on micro 
elements uptake 
Zinc  concentration  increased  in   leaves   with 
increasing salt concentration. As in control the zinc 
concentration was 0.298 ppm,  which  increase to 
0.719 ppm under 150 mM salt stress in Basmati- 
385 (Fig. 4). In Shaheen Basmati, these values were 
0.375 ppm in control and 0.662 ppm in 150 mM salt 
stress.   In   both   varieties   smoke   priming   effect 
uptake of the minerals by reducing the overall zinc 
concentration with alleviating salt stress condition. 
In Basmati – 385,  zinc value was 0.291 ppm  in 
1:5000 Buhania+50 mM treatment compared to 
non primed seedling (0.482 ppm) at 50 mM (Fig. 4) 
while same situation was noted in Shaheen Basmati 
(Fig. 5). On the other hand cadmium and lead both 
were significantly reduced by increasing salt stress 
in the medium and show negative correlation with 
salinity  (Fig. 4 and 5). At 150 mM NaCl stress 
cadmium reduced to  0.027 ppm as compared to 
control  0.038 ppm and lead reduced to 0.311 as 
compared   to   0.505   ppm.   Smoke   primed 
significantly improved the amount of cadmium and 
lead as compared to non primed seed plants (Fig. 4 
and 5).
Comparison of different concentration of salinity 
and smoke primed seedling by SDS- PAGE
Total   leaf   extracted   protein   content   were 
gradually decrease in both varieties as Basmati-385 
and   Shaheen   basmati   with   increasing   NaCl 
concentration in the medium  (Fig. 6).  On other 
hand the banding intensity of primed seed plants 
were high from that of salt stress plants (Fig. 6). The 
polypeptide bands between 40 KDa and 70 KDa was 
present in plant raised from  smoke primed seeds 
but   these  bands   were  absent   or   of   very   low 
intensity in the salt treated  plants  (Fig. 6)  Beside 
these,  plants raised from primed seeds had good 
bands intensity between 40 KDa and 20 KDa from 
salt   stress  plants.   In  Basmati-385,  the  bands 
between 50 KDa and 70 KDa was absent at 150 mM 
salt concentration and the intensity of these bands 
were  lower  at  100   mM   salt   concentration   by 
comparing with control. Bands between 40 KDa and 
20 KDa  was  present  at  100mM, and 150mM salt 
concentration but their intensity was quite low as 
compared to control while plant raised from smoke 
primed  seeds   had  grater   intensity   of   the 
polypeptides then that of the salt treated samples 
(Fig. 6A).
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Figure  1:  A.  Effect  of  different  concentration  of  salt  stress and  smoke  priming  on  proline 
accumulation in Basmati- 385. (B-5000, B-1000, C-1000 and C-500 are smoke dilutions while 
B-1000+50 mM, B-1000+100 mM, B-1000+150 mM, B-5000+50 mM, B-5000+100 mM B-
5000+150 mM,  C-1000+50 mM,  C-1000+100 mM,  C-1000+150 mM,  C-500+50 mM, C-
500+100 mM and C-500+150 mM are alleviating solutions).
B.  Effect   of   different   concentration   of   salt   stress   and   smoke   priming   on   proline 
accumulation in Shaheen Basmati. (B-5000, B-1000, C-1000 and C-500 are smoke dilutions 
while B-1000+50 mM, B-1000+100 mM, B-1000+150 mM, B-5000+50 mM, B-5000+100 mM 
B-5000+150 mM, C-1000+50 mM, C-1000+100 mM, C-1000+150 mM, C-500+50 mM, C-
500+100 mM and C-500+150 mM are alleviating solutions).
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Figure 2: Effect of different concentration of salt stress and smoke priming on Chl a (A). Chl b (B) and 
Carotenoids (C) in Basmati – 385. (B-5000, B-1000, C-1000 and C-500 are smoke dilutions 
while B-1000+50 mM, B-1000+100 mM, B-1000+150 mM, B-5000+50 mM, B-5000+100 mM 
B-5000+150 mM,  C-1000+50 mM,  C-1000+100 mM,  C-1000+150 mM,  C-500+50 mM, C-
500+100 mM and C-500+150 mM are alleviating solutions).
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Figure 3: Effect of different concentration of salt stress and smoke priming on Chl a (A), Chl b (B) and 
Carotenoids (C) in Shaheen Basmati. (B-5000, B-1000, C-1000 and C-500 are smoke dilutions 
while B-1000+50 mM, B-1000+100 mM, B-1000+150 mM, B-5000+50 mM, B-5000+100 mM 
B-5000+150 mM, C-1000+50 mM, C-1000+100 mM, C-1000+150 mM, C-500+50 mM, C-
500+100 mM and C-500+150 mM are alleviating solutions).
JOURNAL OF STRESS PHYSIOLOGY & BIOCHEMISTRY Vol. 9 No. 1 2013
176Jamil et al
 
Figure 4: Effect of different concentration of salt stress and smoke priming on Zn (A), Cd (B) and Pb 
(C) contents of Basmati-385. (B-5000, B-1000, C-1000 and C-500 are smoke dilutions while 
B-1000+50 mM, B-1000+100 mM, B-1000+150 mM, B-5000+50 mM, B-5000+100 mM B-
5000+150 mM, C-1000+50 mM, C-1000+100 mM, C-1000+150 mM, C-500+50 mM, C-
500+100 mM and C-500+150 mM are alleviating solutions).
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Figure 5: Effect of different concentration of salt stress and smoke priming on Zn (A), Cd (B) and Pb 
(C) contents of Shaheen Basmati. (B-5000, B-1000, C-1000 and C-500 are smoke dilutions 
while B-1000+50 mM, B-1000+100 mM, B-1000+150 mM, B-5000+50 mM, B-5000+100 mM 
B-5000+150 mM, C-1000+50 mM, C-1000+100 mM, C-1000+150 mM, C-500+50 mM, C-
500+100 mM and C-500+150 mM are alleviating solutions).
JOURNAL OF STRESS PHYSIOLOGY & BIOCHEMISTRY Vol. 9 No. 1 2013
178Jamil et al
 
Figure 6: A. Effect of different concentration of salt stress and smoke priming on polypeptide banding 
pattern of Basmati-385. Lane 1. Marker, 2. Control,   3. 50mM, 4. 100mM, 5. 150mM, 6. 
5000B, 7. 1000B, 8. 1000C, 9. 1000B+50, 10. 1000B+100, 11 1000B+150, 12. 1000C+50, 13. 
1000C+100, 14. 1000C+150, 15. Marker.
B. Effect of different concentration of salt stress and smoke priming on polypeptide banding 
pattern of ShaheenBasmati. Lane 1-A Control, 1. 50mM, 2. 100mM, 3. 150mM 4. Marker, 5. 
1000B, 6. 1000C, 7. 500C.
DISCUSSION
Different types of changes occur within the 
plant  during salt  stress and there is a natural 
defense system presents against abiotic stresses in 
the form of secondary metabolites etc. Proline is 
one main component of this defense mechanism of 
plant  to salt stress. As we know from previous 
studies that proline accumulation occurs in plant 
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leaves in response to salt or other type of abiotic 
stresses   (Shamseddin-   saeid   and   Farahbakhsh, 
2008).  The   result   of   our   study   shows   that   by 
increasing NaCl concentration in the medium, the 
proline   accumulation   increases   as  compared   to 
control (Figs. 1A and 1B). According to Girija et al. 
(2002) that the accumulation of proline  provide 
strength  to   the   plant  against  abiotic   stresses. 
Induction of cell wall protein (proline rich protein) 
occurs under salt stress (Ueda et al., 2007). In our 
result the seed primed had lower amount of proline 
amount than that of non primed seeds plants. This 
might be due to the long lasting ability of the smoke 
solution  compounds  that   interfere   with   the 
expression of genes and produced less salt stress 
proteins.  External application of osmoprotectant, 
plant hormones through seeds or any way is good 
and alternate way to reduce the salt stress (Ashraf 
et al., 2008). Smoke priming has a role to promote 
the post germination growth of the plant (Sparg et 
al.,  2005). According to Crosti  et al. (2006) that 
smoke treated seeds germinate earlier of  Anus 
glutinosa, and so by this way rapid germination 
provide a chance to the seedling to escape a huge 
number of a biotic stress (Murungu et al., 2005). 
Photosynthetic pigments like chlorophyll and 
carotene   were   also   decreased   with   increasing 
salinity (Figs. 2 and 3). Ashraf and Rasul (1988) 
reported that the reduction in chlorophyll content 
under salinity is due to the suppression of enzymes 
required   for   chlorophyll   synthesis   under   higher 
salinity.   Salt   stress   may   cause   destruction   of 
chloroplast   and   instability   of   pigment   protein 
complex (El-Samad et al., 2011). These observations 
were similar to the results of El-Samad et al. (2011) 
that   salinity   inhibited   growth   and   affected   the 
content of chlorophyll and carotenoids in broad 
bean   plants.  Photosynthetic   pigments   were 
decreased in saline conditions thereby decrease in 
chlorophyll and carotene contents. It has been 
reported that salinity greatly influence chlorophyll 
content (Jamil et al., 2012). According to (Harris et 
al., 1999) that seed priming cause faster emergence 
of seedlings and has role in drought resistance. All 
smoke   solutions  priming  alleviated   the   adverse 
effects   of   salinity   on   chlorophyll   and   carotene 
contents   (Figs.   2   and   3)   Seedling   from   smoke 
treated seed show vigours growth compare with un 
treated seeds (Baxter and Van staden, 1994) and 
vigours   growth   shows   strong   photosynthetic 
activity of the plant, so it may concluded from the 
present study that smoke might have some role 
with enzyme pool responsible for the process of 
photosynthesis which give the plant a strength to 
overcome the stress.
There   was   a   significant   increase   in   the 
concentration of zinc with increasing salinity (Fig. 4 
and 5) while cadmium and lead contents reduced in 
leaves of the plant expose to higher salinity in the 
medium (Fig. 4 and 5), because the concentration 
of the sodium ion was high and this may reduced 
the intra cellular and extra cellular up take of 
cadmium and lead. Other work also indicates that a 
higher level of salinity cause a decrease in the 
concentration of elements by the plants ( Fritioff et 
al ., 2005). Our result is strongly correlated with the 
work of Hirpara et al. (2005); Knight et al. (1992); 
Hassan et al. (1970); Mass et al. (1972); Noraho and 
Gaur  (1995).   Smoke   priming  alleviates  the   salt 
stress in case of heavy metals uptake (Fig. 4 and 5 ); 
it shows us that smoke might have some role in 
reducing the accumulation of toxic elements like Na 
which help the plant in the accumulation of other 
useful compounds. 
Effect of salt stress in protein changes in rice is 
rarely   been   studied   (Kongngern  et   al.,  2005). 
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Protein and intensity of poly peptide was decreases 
with increase in salt concentration in plant medium 
(Fig. 6). According to (Kumar et al., 2009) that salt 
stress markedly changes in protein profile of root 
and shoot of rice seedlings. Our result is with line 
with Jamil et al. (2012) and Kumar et al. (2009) that 
salinity gradually affects the banding pattern and 
intensity of proteins. Other side priming with plant 
derived smoke solution influence good and notable 
effect on the intensity of protein polypeptide bands 
(Fig. 6). Expression of specific stress proteins is a 
main indication in maintaining the reliability, native 
configuration and topology of cellular membranes 
components   to   make   certain   their   normal 
performance under salt stress (Wahid et al., 2007). 
CONCLUSIONS
Since   smoke   priming   was   more   affective   in 
alleviating   the   drastic   effect   of   salinity   in 
biochemical and molecular level, but the answer to 
the question is still pending that how the smoke 
alleviate the salt stress to such a notable extent. 
Beside these,  Smoke priming is proved to be a 
potent protective agent against  salinisation and 
further  research work is necessary to promote 
smoke   priming   in   agriculture   as   a   low   cast 
agriculture practice. 
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